Abstract-This paper reports on a theoretical study of the magnetospheric ring current effect on the topside plasmasphere and ionosphere. MHD waves generated by energetic anisotropic protons of the ring current are used as the mechanism for energy transfer to plasmaspheric electrons and ions. Plasmaspheric parameters are calculated in a numerical model for ionosphere-plasmasphere coupling using a complete system of modelling equations in the 13-moment approximation of the Grad method. The calculations made have shown that the wave mechanism for energy transfer to the thermal plasma ensures its heating in the equatorial plasmasphere to experimentally observed temperatures. The resulting heat flux is able to considerably heat the plasma in the region of the topside ionosphere. It is also shown that the MHD waves present in the plasmasphere substantially influence the height profile of the electron density. The results obtained in this paper lend support to the existence of the experimentally discovered "hot" (or "warm") zone and to its influence on the underlying ionosphere.
INTRODUCTION
During the past several years our understanding of the plasmasphere has evolved through significant changes. Thus, ion temperature measurements by the Prognoz series satellites have shown that the so-called "hot", or 'Lwarm" zone exists in the plasmaspheric region adjacent to the plasmapause (Bezrukikh and Gringauz, 1976 ; Gringauz and Bezrukikh, 1976 ; Gringauz, 1983 Gringauz, , 1985 : in which the ion temperature can amount to several tens of thousands of degrees. Subsequently, the measurements reported by Gringauz were validated by experiments on the GEOS 1,2 satellites [Decreau et al., 1978 [Decreau et al., , 1982 and Farrugia ef al., 1989 (for ions) ].
Immediately following the discovery of the "hot" zone Gringauz and Bezrukikh (1976) suggested that plasma heating in that zone has a wave character. Their supposition was based on the following mechanism : ring current protons generate MHD waves in the range o < whi (Kennel and Petchek, 1966; Cornwall et al., 1970 Cornwall et al., , 1971 which, when propagating in the region of overlap of the ring current with the plasmasphere, experience collisionless damping due to thermal particles, thereby heating them.
The earliest results regarding the heating of the cold plasma by MHD waves, were obtained by Galeev (1975) . It was also ascertained that the wave heating of plasmaspheric ions occurs more effectively compared with the heating of electrons. This conclusion agrees with electron and ion temperature measurements ; however, the results obtained by Galeev are an estimate and neglect the characteristic properties of the energy transfer from the waves to the charged particles of the plasmasphere as well as of the transfer processes in a plasma with increased wave activity in the lowfrequency range.
Hence, one is faced with a challenging problem of developing a mathematical model that would describe the topside plasmaspheric conditions, taking into account the active wave processes occurring there. A general scheme for such a model must include an analysis of the dispersion characteristics of the medium in order to choose suitable wave modes, a wave-particle interaction mechanism, and obtain a system of hydrodynamical equations governing macroscopic plasma parameters with proper account of the presence of an interaction such as "wave-particle". The basis for its development was formed by our earlier results (Chernov et al., 1988 ; Gorbachev et al., 1987 , 1990a Konikov et al., 1989) . In view of the foregoing, the objective of this paper is to present a theoretical model for the ring currentplasmasphere interaction and to apply it, within the framework of a numerical model of ionosphereplasmasphere coupling, to calculate the main plasma-0. A. GORBACHEV ef al. spheric parameters. This will make it possible to obtain spacetime distributions of plasma density, temperatures and thermal fluxes as well as to determine the influence of this interaction upon the underlying ionosphere. This paper is based on a model for ionosphereplasmasphere coupling (Gorbachev et al., 1990b (Gorbachev et al., , 1991 and its basic difference from the existing models implies using the more complete system of modelling equations (including the transport equation of thermal flux). That the variations in thermal fluxes should be taken into account by the model is dictated by the following reasons. Under conditions of a heated plasmasphere on L-shells adjacent to the plasmapause, the Coulomb frequency of electron collisions, v, -low2 s-'. Therefore, when using the Fourier law for calculating the heat flux adopted when modelling the plasmasphere and the ionosphere, errors of numerical calculation arise associated with the large value of the coefficient of electron heat conduction. This leads to the need to include a transport equation of thermal flux in the system of modelling equations.
The paper is organized as follows. Section 2 discusses mechanisms of "wave-particle" interaction for the electron and ion plasma components, and diffusion coefficients of electrons and ions in the wave field are obtained. The Appendix to Section 2 gives collision terms in the equations of mass, momentum and energy transport caused by the collisionless damping of the MHD waves due to thermal electrons and ions. The system of modelling equations, and the initial conditions and parameters of the model, will be presented in Section 3. Section 4 presents the results of calculations of space-time variations of the main plasma parameters in the "ionosphere-plasmasphere" system obtained in terms of a modified system of equations (in view of the "wave-particle" interaction) and of a standard system of equations (the "wave-particle" interaction is absent). These are compared for the cases of a quiet and disturbed ring current, corresponding to periods of low geomagnetic activity and of a geomagnetic storm. The main conclusions of this work are formulated in the Conclusions.
THE INTERAmION OF THERMAL PLASMA WITH MHD WAVES
The generation of MHD waves by the ring current, predicted theoretically in papers by Kennel and Petchek (1966 ) and Cornwall et al. (1970 , was detected experimentally in the plasmasphere by satellites GEOS 1 and 2 (Perraut et al., Young et al., 1981; Rauch and Roux, 1982; Perraut, 1982; Roux et al., 1982; Fraser, 1985) . This suggests that MHD waves play the role of an intermediate link when the energy is transferred from the ring current to the plasmasphere. Measurements of the wave intensity revealed that the plasmasphere supports MHD waves of both left-handed (A waves) and righthanded polarization (FMS waves).
Because measurements have shown that in the ring current region I&J2*Ao/B2 -lo-' (here IB$l .Ao is the energy density of the A and FMS waves, and B is the Earth's magnetic field), then to obtain the integral of collisions of particles of type 01 with waves, the theory of weak turbulence can be used.
Estimates of the resonant velocities of plasmaspheric electrons and ions, together with the smallness of experimentally recorded frequencies of A and FMS waves as compared with the gyrofrequency of a proton, make it possible to choose wave-particle interaction mechanisms. For ions, this is the induced scattering off beatings of A or FMS waves, and for electrons, this is the quasilinear interaction with them (in both cases, due to Cherenkov resonance). Let us consider the two processes in greater detail.
Quasilinear interaction of A and FMS waves with background plasma electrons
Before writing the quasilinear integral of collisions, some remarks are in order. Firstly, the interaction occurs due to Cherenkov resonance, therefore, there is no change in impulse transverse to the magnetic field. Secondly, the wavelength of A and FMS waves is of the order of 10' cm ; hence the collision integral can be written in the diffusion form and, when calculating it, the spatial inhomogeneity of the magnetic field can be neglected. Thirdly, the typical time of variation of the local distribution function of electrons due to the interaction with the waves cannot be less than l/vk.,., where vk.,. -w * I&,,,1 * -A.w/B' -(v:/v~~), which exceeds the value of (w-k,, * V,,)-'. This permits us to use the quasilinear integral in the local-time form (Akhiezer, 1974) : (1) where
The following designations are used in (1) : 
In the subsequent calculations it will be assumed that the spectral density of the wave energy does not depend on the azimuthal angle x (cos x = k,/k,), and is constant in a certain range of polar angles ]e,,e,] u ]+e,,n--,], e,,e, < n/2. The expression for the spectral energy density of the waves has the form :
and the relation between IEz I2 and 1 Bz 1 2 is given by : -(k-k,),,* W,:l(kk,), Since u,, << vA, the &function in (6) can be expanded into a series and integrated over wave vectors. As a result, we get: In expressions (9)- ( 11) (9)- ( 11) are calculated for a plasma devoid of macroscopic velocities.
Moments of collision integrals
When calculating the moments, we shall use the inequality 1 Vi -Vy, ) cc uTc (V; being the macroscopic velocity of particles of type tl). Also, it will be assumed that the plasma distribution function is Maxwellian such that the typical scales of the irregularity are small compared with the wavelength of MHD waves.
Using a standard procedure of averaging over the phase space with weighting factors m; (v-v:) ;, n = 1,2,3, it is possible to obtain expressions for moments of the integral of collisions of the background plasma with MHD waves. Since these expressions are unwieldy in form, they are given in the Appendix.
To conclude this section, we must note the following. Quantitative estimates of the values of the formulas given in the Appendix obtained for a dipole model of the geomagnetic field, show that the collision terms caused by the presence of MHD waves in the plasmasphere have a maximum value on the equator and drop off rapidly with increasing distance from it. This is because when moving away from the equator, the plasmaspheric particles "escape" from resonance with the wave as a consequence of the increase in Alfvtn velocity which is actually the phase velocity for MHD waves.
THE SYSTEM OF EQUATIONS AND THE INITIAL

MODEL PARAMETERS
The model for ionosphere-plasmasphere coupling used in this paper is based on a numerical solution of the system of magnetohydrodynamical equations for a multicomponent plasma consisting of O+-and H+-ions and electrons. This does not contradict the results reported in Section 2 which were obtained for an electron-proton plasma because in the near-equatorial plasmaspheric region, where the interaction of MHD waves with electrons is the most effective, the plasma contains largely H+-ions and electrons. When writing the equations, the transverse (with respect to the geomagnetic field) plasma transport caused by external electric fields was neglected. In this case the transport processes occur along geomagnetic field lines, and all macroscopic plasma characteristics will depend only on the time t and on coordinate s along the geomagnetic field direction. In view of the foregoing, the system of modelling equations in the 13-moment approximation, without taking account of the inertia of electrons and ions and of viscosity effects, can be represented as (Gorbachev et al., 1990b (Gorbachev et al., , 1991 : i = H+, 0+ (13) (14) N 10 min during the morning and evening period to 1 or 2 h during the daytime and night-time.
The boundary conditions required for solving the equations were imposed on the field line ends in the magneto-conjugate ionospheres at height h, = 100 km. At such heights, transport processes can be neglected, and the desired values can be specified from the local equilibrium condition : Vi@,, t) = cl ; T&h t) = T"(SO, t) ; &(so, 0 = 0,
where
is the crosssection of the geomagnetic flux tube equal to 1 cm' at its base (B = B,), m, N, V, Tand S are, respectively, the mass, the density, the hydrodynamical velocity along B and the temperature and heat flux of charged particles, and gJ, the free-fall acceleration projected onto the field line. Equation (14) for tl = i describes space-time temperature distributions of a weightedmean ion.
where T, is the temperature of the neutral atmosphere, and s,, is the coordinate along the field line corresponding to h,.
The terms on the right-hand sides of equations (12)- ( 15) Terms responsible for interparticle collisions are given in papers by Schunk (1983 Schunk ( , 1988 , and corresponding terms that represent the interaction of electrons and ions with MHD waves are obtained in Section 2 and the Appendix. The right-hand side of the energy transport equation for the electron component also involves the plasma heating source due to photoelectrons.
During the daytime, thermal electrons receive the energy from photoelectrons through direct collisions, and ions are heated through collisions with thermal electrons heated in this way. In this paper, to calculate the photoelectron source, the kinetic equation for the spectrum of the photoelectron source is solved simultaneously with the system of hydrodynamical equations (12)-( 15). The technique for calculating the source is similar to that suggested in papers of Khazanov (1979) and Gorbachev et al. (1991) .
Time integration was performed differently for the cases of a quiet and disturbed ring current.
The case of a quiet current occurs in periods of long absence of geomagnetic disturbances and is characterized by the quiet plasmasphere with flux tubes filled with plasma, a small overlapping zone of the ring current and the plasmasphere, and by small values of the A-and FMS-wave amplitudes.
It is believed that the quiet ring current is distributed approximately uniformly in longitude (Frank, 1967, 197 1 ; Williams, 1981 ; Cahill, 1973) . Time integration in this case was performed until a steady periodical solution with a 24-h period was obtained. Of course, the ring current cannot retain the same intensity during such a long time interval, because it is known that geomagnetic field disturbances follow each other with a period of a few hours. Therefore, in this case a geophysical situation is investigated, which may not occur in the plasmasphere during a long time. However, only in this way can the influence of a stationary energy source of nonplasmaspheric origin upon the plasmasphere can be separated in "pure" form.
A disturbed ring current that occurs during geomagnetic storms is characterized by sharp asymmetry in longitude, a short lifetime roughly coincident with the duration of the recovery phase of the magnetic storm, and by a significant amplitude of A and FMS waves (Williams et al., 1973 ; Cahill, 1973 ; Williams, 1983; Frank, 1967 Frank, , 1970 . Time integration in this case was performed according to the following scheme. At first, plasma parameters were calculated in the absence of the "wave-particle" interaction until a steady periodical solution with a 24-h period was obtained. The "wave-particle" interaction was then "switched-on" by a n-shaped impulse during the evening time of the day (18:OO L.T.-24:OO L.T.), which corresponded to an abrupt increase in ring current intensity during the growth phase of the storm. The
The system of equations was integrated along the entire length of the geomagnetic field lie. Steps in coordinate were chosen in proportion to the plasma height scale. Steps in time were varied from the value nonstationary solution obtained in this way represents the reaction of part of the plasmasphere and of the underlying ionosphere that experienced that ring current effect, to a geomagnetic disturbance.
RESULTS OF CALCULATIONS AND DISCUSSION
Based on the calculations made, this section will present space-time distributions of the main plasma parameters in the overlapping region of the plasmasphere and the ring current in the presence of a "waveparticle" interaction. These distributions were compared with the same values obtained using a complete system of equations (including the thermal flux transport equation), which neglects wave effects (Gorbachev et al., 1990b (Gorbachev et al., , 1991 . The calculated values of plasma densities and temperatures are consistent with the present understanding of the Earth's ionosphere and plasmasphere and agree qualitatively with existing experimental data.
Below, we present the plasma parameter distributions in the overlapping region of the plasmasphere and the ring current for L = 5, corresponding to equinoctial conditions and to moderate solar activity, FiO., = 150. Height profiles of the calculated plasma parameters are given from the lower boundary of the field line to the equatorial plane. On all the plots presented, the solid line represents undisturbed parameters of the plasmasphere and ionosphere obtained in Gorbachev et al. (1990b Gorbachev et al. ( , 1991 and the dashed line refers to disturbed parameters obtained in view of the plasmasphere-ring current interaction. By making a correlative analysis of data from the satellite EXPLORER-45 on the mutual position of all components of the inner magnetosphere (Frank, 1971) with measurements of proton flux intensities of the ring current and its form (Frank, 1967 (Frank, , 1970 ; Williams et al., 1973 Williams et al., , 1983 it becomes possible to obtain the following estimates of the overlapping region. During quiet periods of geomagnetic activity the region of overlap with the plasmasphere has the radial size z (0.5-l) RE, which does not change along the longitudinal coordinate. During a geomagnetic disturbance the radial size of the overlapping region increases to 2RE, the ring current is characterized by strong longitudinal asymmetry, and its intensity increases several times. The typical decay time of an intensive ring current is roughly equal to the duration of the storm recovery phase (=: 10 h). This leads to the fact that the overlapping region is a sector covering part of the night-time hours and the evening hours (Z 18-24 L.T., where L.T. is local time).
Quiet ring current
Since the model equations do not involve the internal electric field (which corresponds to a current-free approximation, V, = I', = I'), the contribution from the "wave-particle" interaction is left only in the energy transport equation (13), Besides, by estimating the contributions of different wave modes to the righthand sides of equations (12)- (15), it was shown that the A wave makes the main contribution to the process of energy transfer from waves to particles. The contribution of FMS waves makes up x(5-10)% of that of the A waves, depending on the external conditions.
For the stationary solution analyzed in this section, the value of the plasma temperature at each point of the field line is determined by the balance between the wave source power and the energy downward velocity. According to equations (A. 1.3) and (A.2.3), the heating source of the ion component is proportional to the square of the ratio of the energy density of the waves to that of the magnetic field, and the electron source is proportional to the same ratio to the 1st power. Since the value of W/B: << 1 for external plasmaspheric conditions, the inequality 4') >> $*) must then be satisfied, which, in turn, must cause T, to exceed Tp However, the smaller rate of heat transfer downward along the geomagnetic field line for ions compared with electrons leads to the fact that the ion temperature on the equator exceeds the electron temperature.
If, however, the movement is downward along the field line, then the difference between T, and Ti at each point must decrease because the temperature in this case is now determined by the total amount of energy contained above a given point (Khazanov, 1979) . Complete equalization of the ion and electron temperatures must occur at heights where the transport processes decay and the temperature is determined from local equilibrium of the sources and particle energy sinks.
Height distributions of plasma temperatures for L = 5 at different moments of time are shown in Fig.  1 , and the diurnal variation of electron temperature for L = 5 in the equatorial plane and at the 1000 km height is presented in Fig. 2 . Calculations are shown, which correspond to the minimum source power (marked by symbol "*" in Table 1 ). The maximum temperature on the equator for ions and electrons is, respectively, z lo4 and x8500 K.
The excess of Ti over T,, as has already been pointed out, occurs as a consequence of the slower heat output rate for the ion component as compared with the electron component.
It is quite evident that the action of the wave source on the electron component is traceable to lower heights as compared with ions (respectively, to 200 km for electrons and to 600 km for ions), which is attributed to the different character of the interaction of electrons and ions with neutral 
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FIG. 1. CALCULATED DISTRIBUTION OF ELECTRON AND ION
PLASMA TEMPERATURES AT THE MORNING (a), DAYTIME (b),
AND EVENING (C) MOMENTSOFTIME FOR L = 5. Here and in Figs 24 and 6 the dashed and solid curves represent the plasma parameters calculated, respectively, with and without the "wave-particle" interaction taken into account.
particles of the ionosphere. At the topside ionospheric heights, h d 1000 km, the electron temperature amounts to (4000-5000) K, which agrees with recent experimental data of T, measurements at low geomagnetic activity by satellites Dynamics Explorer I,2 The ion temperature profile is characterized by large gradients T, at heights of ~60~700 km. This is because, at these heights, a resonant charge exchange of H+-ions with neutral hydrogen occurs, leading to a decrease of Ti to the value of the neutral atmosphere temperature.
For this same reason, the wave source effect on the ion temperature value is almost lacking at heights ~600 km. The value of the electron temperature decreases rather smoothly with decreasing height because in this case no resonant processes are present, and the temperature gradient is determined by the set collision frequency of the electrons with charged particles of the ionosphere. The diurnal variation of electron temperature presented in Fig. 2 , also has a number of typical features. As is quite evident from the plots, as the wave source operates, the range of temperature oscillations decreases when passing from the dayside to nightside sectors. Thus, at the equator in the absence of a wave source the electron temperature during the morning hours increases more than twice, whereas this increase of T, does not exceed 20% if the "wave-particle" interaction is taken into account. Such an effect is explainable by the fact that, when the wave source is taken into account, the influence of suprathermal electrons upon the time distribution of electron temperature decreases and, therefore, diurnal variations of T, caused by "switch-on" of the photoelectron source during the daytime must decrease. For that reason, the absolute value of electron temperature calculated in view of the "wave-particle" interaction (T,,) exceeds the electron temperature Tea calculated with the help of a complete system of equations (Gorbachev et al., 1991) about twice during the daytime and nearly three times during the night-time. As is apparent from the plots presented, during the daytime T,, increases, whereas r,, remains constant. This is associated with the fact that, unlike the photoelectron source that is virtually independent of the background plasma temperature, the wave source increases with increasing T,. Therefore, during the daytime, which is characterized by higher values of plasma temperature, the absolute value of the wave source increases, and this does, indeed, lead to a small increase of T,, at 18 h local time (Figs 2a,b) .
Differences in the space-time behaviour of thermal fluxes of electrons and ions caused by the "waveparticle" interaction are presented in Figs 2c and 3a, Figure 2c shows the diurnal variation of electron heat flux S,, calculated by taking account of the interaction of electrons with MHD waves and of heat flux Se,,, calculated from the complete system of equations (Gorbachev et al., 1991) . From the plot it is evident that, as is the case with the electron temperature, diurnal variations of S,, are much smaller than those of flux S,,. The reason for this phenomenon, as mentioned above, is that the role of suprathermal electrons in the thermal regime of plasma decreases. The value of flux S,, exceeds S, by about 10 times during the daytime and nearly 50 times in the night-time. The maximum value of flux S,, is 2.5 x 10" eV cm-' s-' at 18 h L.T. The presence of a maximum at 18 L.T. is attributed to the corresponding maximum in the diurnal variation of T,,.
Height profiles of ion and electron fluxes are presented in Figs 3a,b. The plots show that the wave source effect on the electron heat flux extends to smaller heights as compared with the ion flux, which is associated with the different character of the interaction of electrons and ions with ionospheric neutral particles. The greatest differences between fluxes S,, and Sd) and S, and Si, correspond to heights of NN 600-700 km because the largest temperature gradients T,, and TiW are observed exactly in this height range, with rather high values of the temperatures themselves. The maximum values of heat fluxes S,, and S, are, respectively, 3 x 10 ' ' and 4 x 10 ' eV cm -' S -I, which is about 50 times larger than those calculated using the complete system of equations (12)- (15).
Height profiles of electron density for the morning and evening moments of time are presented in Fig.  4 . The effect of the "wave-particle" interaction on plasma density is realized via the plasma temperature (12) is zero. One can distinguish two procal times, from several hours for ions to several tens of cesses which determine the difference between N,, and minutes for electrons and, therefore, must experience NC, due to growth of T, and T,, as compared with strong variations under the action of a disturbed ring T& and 7;, : current.
(1) the increase of the plasma height scale in the plasmasphere; and (2) acceleration of plasma diffusion at heights of the F,-layer maximum and the variation in production and decay reaction rate constants of the O+-and II+-ions.
The second process causes part of the plasma to escape from the FJayer maximum to the region of higher altitudes. This effect is quite evident from the plots presented (the decrease in electron density in the F,-layer maximum and its increase at heights of ~700 km). Below the F,-layer maximum the role of the transport processes decreases, and the density is determined by the balance between the production and decay of ions of a corresponding sort. Since this process does not depend on the "wave-particle" interaction, the densities of N,, and N& become equal at heights of < 250 km.
At plasmaspheric heights the plasma height scale has a decisive influence upon the value of electron density. Since this value increases with increasing plasma temperature, in the plasmasphere N,, must exceed N,. This is, indeed, observed on the respective plots of the height variation of electron density, and the difference between N,, and N, reaches a value in excess of 100% in the near-equatorial region of the field line.
A disturbed ritzg current
In periods of geomagnetic disturbances the ring current abruptly increases in intensity, thus leading to larger amplitude values of A and FMS waves in the region of its overlap with the plasmasphere. Therefore, we shall present here the results of calculations using a wave amplitude value exceeding three times the quiet Ievel. In the table it is denoted by the symbol " # ". Since the lifetime of a disturbed ring current is short (x 10 h), the solution of the system (12)- ( 15) with the right-hand sides of (16) will be characterized by a sharply defined nonstationarity. Thus, the typical time of plasma density variation is several days, as a consequence of which the disturbed ring current during its lifetime is unable to substantially change its space-time distribution. This is confirmed by the caIculations made, according to which the plasma density variation makes up about 10% in the near-equatorial plasmaspheric region and is virtually zero at distance R, from the field line top. Energy characteristics of Height distributions of plasma temperature for L = 5 for the evening hours (1800 L.T.-24:OO L.T.) are presented in Fig. 5 , and diurnal variations for r, and Ti for the same L-shell in the equatorial plane and at the 1000 km height are shown in Fig. 6 . Owing to the different typical times of electron and ion tem~rature variation, the effect of the disturbed ring current on these plasma parameters is manifested differently. Thus, the time taken by the electron temperature at the equator to become steady-state is _ 15 min, after that, the increase of T, at the equator virtually ceases, and the subsequent effect of the disturbed ring current on the electron plasma component is reduced to an energy redistribution along the field line. Under the action of a strong heat flux directed downwards, the energy supplied from the ring current is transferred from the equatorial region to the topside ionospheric heights so that the electron temperature at the 1000 km height amounts to ~6500 K. The typical time needed by T,, to become steady at the 1000 km height is about 10 h, therefore, this temperature value is not steady-state, which is confirmed by the plots of T,, in Figs Sb and 6a. The plots clearly show that growth of T,, in the equatorial plane, with the wave source switched on, virtually ceases 1 h after switch-on, while at 1000 km growth of T,.,, ceases only after the source of electron heating by MHD waves is switched off. With decreasing height, the typical time taken by T,, to become steady-state increases, which leads to its gradual increase at the F,-layer heights and to the appearance of differences between Te, and T, at still lower heights.
As is clearly evident from Fig. 6a , the 1000 km height, following switch-on of the wave source, exhibits, initially, a decrease of T,, and then a rapid growth to the value of ~4000 K. This is associated with the fact that the electron heating in the topside ionospheric region occurs due to energy input from the region of wave source operation and, consequently, the beginning of heating will be delayed by time At N 49/vrC, where 3' is the length of a portion of the field line from the equator to the topside ionospheric heights. A temperature decrease during the period from 1800 L.T. (the time of wave source "switch-on") to (I 8:OO + At) L.T. is caused by "switchoff" of the photoelectron plasma heating source at 18:OO L.T.
The typical time taken by the ion temperature to reach a steady-state value is = IO h, which leads to a The arrows indicate the time of wave source "switch-on" and "switch-off".
CASEOF A
smooth increase of I;, during the entire time of the wave source operation (see Figs 5b and 6b). As is quite evident from the plots in Fig. Sb , during the initial period of source operation the ion temperature increases weakly, and the height profile of T,, is characterized by rather large gradients on the plasmaspheric portion of the field line. However, with increasing equatorial value of ion temperature, the absolute value of the ion source (A.2.3) increases, which leads to a faster growth of Tiw to values of z 1.5 x lo4 K. The excess of values of cz over cz, as mentioned above, is attributable to the slower heat escape from the interaction region for the ion component. The subsequent time evolution of height distribution of the ion temperature is reduced to energy transfer from the heating region to the topside ionosphere, and this process occurs far more slowly than for the case of the electron component.
Therefore, the height profile of T, is characterized by larger gradients than that of T,, at the moment of time preceding "switch-off" of the wave source. The diurnal variation of ion temperature at 1000 km, as in the case of the electron component, is characterized by a delay of temperature increase relative to the time of wave source "switch-on".
The value of delay, At N O/Vi, as is clearly seen in Fig. 6 , is large compared with the electron case because Vi << uT,. The decrease of the value of Tiw during l&00-( 1800 + At) L.T. is accounted for by the same factor as in the case of the electron component.
The maximum value reached by the ion temperature at 1000 km is ~8000 K. The plots in Fig. 5b clearly show that the height profile of T,,., does not reach a steady-state level throughout the length of the field line. As has already been pointed out, this is because the typical time taken by the ion temperature to reach a steady-state value roughly coincides with the duration of the wave source operation. It should be noted that in the case of the ion component the effect of the influence on the value of T,, of the wave source following its switch-off is present. As is evident from the plots presented, excess values of ion temperature occur At z 10 h after the disturbed ring current ceases its action on the plasma. The same effect is observed at the topside ionospheric heights as well.
The available experimental data on electron and ion temperature variations are presented in Figs 1 and 6 according to those reported by Decreau et al. (1982) , Gringauz (198.5) Kozura et al. (1986) , Brace et al. (1987, 1988) , and Farrugia et al. (1989) Brace et al. (1987 Brace et al. ( , 1988 and Kozura et al. (1986) .
One can see in Fig. 1 that geomagnetically-quiet periods show rather good agreement between experiment and calculations.
However, it is difficult to speak of a quantitative comparison of the results in this case because of the insufficient number of experimental points on the curves.
The disturbed ring current conditions (Fig. 6 ) also exhibit qualitative agreement between the results of the calculations with electron and ion temperature measurements presented by Kozura ef al. (1986) and Farrugia et al. (1989) . Also in this case, however, the small number of electron and ion temperature measurements does not permit us to draw any conclusions about some quantitative characteristics of the comparison.
Besides, in this paper the regime of a disturbed ring current is introduced from the amplitude value of MHD waves generated by it and is unassociated with the K,-index variation, which also makes a quantitative comparison of calculations with experiment difficult.
A somewhat different picture emerges when ion temperature measurements obtained by the satellites Prognoz 1,2 are used (Bezrukikh and Gringauz, 1976 ; Gringauz and Bezrukikh, 1976; Gringauz, 1983 Gringauz, , 1985 . Results of these measurements
give Ti = (25-50) x lo3 K, while according to the results of calculations the ion temperature does not exceed z 15,000 K. Hence, it follows that not all mechanisms that control the plasma thermal regime of the "ionosphere-plasmasphere" system are included in this model. One of such mechanisms can be the influence on plasma transfer coefficients (in particular, on the heat conduction coefficient) of current plasma instabilities at ionospheric heights (Ionson et al., 1976 (Ionson et al., , 1979 Okuda et al., 1981) . However, a proper account of such an additional plasma heating source in the equatorial zone of the plasmasphere is beyond the scope of the present study.
To conclude, we wish to note the following. In the calculations it was assumed that the duration of ring current decay during geomagnetic disturbances is about 10 h. In the real geophysical situation the ring current can decay in a much longer time ; however, the current are characterized by a sharply expressed noncalculations have shown that no qualitative changes in stationarity. During an 8 h heating the plasma temspace-time variations of the main plasma parameters perature reaches these values : at the equator =9500 occur in this case.
K for electrons and z 15,000 K for ions ; at height h w 1000 km, x6500 K for electrons and x9000 K 5. CONCLUSIONS for ions. In this case, only the equatorial electron
In this paper we have presented a model for ionosphere-plasmasphere coupling which includes the effect of A and FMS waves generated by the ring current on plasmaspheric electrons and ions. The equations are integrated along the entire length of the field line between the conjugate ionospheres in the nonstationary approximation.
We have obtained spacetime distributions of the main plasma parameters for the cases of a quiet ring current (low geomagnetic activity) and a disturbed ring current (geomagnetic storm). The results obtained permit us to draw the following conclusions.
Quiet ring current
(1) A quiet ring current, corresponding to geomagnetically-quiet periods, is able to heat the plasmasphere to temperatures exceeding undisturbed values by a factor of two during the daytime and three times at night. The absolute values of plasma temperature at the equator are x 8500 K for electrons and z 10,000 K for ions. At the topside ionospheric heights ( zz 1000 km) T, NN 4500 K and Ti x 5500 K.
(2) The ion temperature always exceeds the electron temperature in the plasmasphere and topside ionosphere. At low heights (h NN 500 km) T, > Tp (3) The diurnal variation of electron temperature, when the "wave-particle" interaction is taken into account, is characterized by the absence of abrupt fluctuations in going from the daytime to the nighttime, typical of the undisturbed case.
(4) Heat fluxes are able to amount to z 3 x 10 lo eV cm-2s-'forelectronsand 24~lO~eVcrn-~s-'for ions, which exceeds more than 10 times the undisturbed values of fluxes during the daytime and nearly 50 times at night.
(5) There is a significant variation in the height profile of electron density, particles are transferred from the F,-region maximum to the topside ionospheric heights due to an increase in diffusion and to a change of reaction rate constants of production and decay of O+-and H+-ions, and there is a considerable increase in particle density on the plasmaspheric portion of the field line caused by the increase in plasma height scale.
Disturbed ring current
(1) The space-time distributions of plasma parameters obtained for the regime of a disturbed ring temperature reaches a steady-state (stationary) level.
(2) At ionospheric heights, plasma heating starts with a delay with respect to the moment of ring current "switch-on". This delay is determined by the height and rate of energy sink along the field line. At height h = 1000 km it is 10 min and z 1 h for electrons and ions, respectively.
(3) Following cessation of the disturbed ring current effect on the plasma, the ion temperature is still influential for about 10 h. The electron temperature returns to its undisturbed value 1 or 2 h after source "switch-off".
(4) The influence of the 8 h long effect of the disturbed ring current on plasma density implies a 10% deviation of the density from its undisturbed level within a rather narrow equatorial region of the plasmasphere.
(5) The comparison of the results of the calculations made in this section qualitatively agree with the experimental plasma temperature measurements in the plasmasphere and the ionosphere. One cannot speak of some quantitative characteristics of the comparison in this case because the number of plasma temperature measurements in the ionosphere and the plasmasphere is insufficient.
